Recognizing phonetically reduced forms is a huge challenge for spoken-word recognition. Phonetic reductions not only occur often, but also come in a variety of forms. The paper investigates how two similar forms of reductions -/t/-reduction and nasal place assimilation in Dutch -can eventually be recognized, focusing on the role of following phonological context. Previous research indicated that listeners take the following phonological context into account when compensating for /t/-reduction and nasal place assimilation. The current paper shows that these context effects arise in early perceptual processes for the perception of assimilated forms, but at a later stage of processing for the perception of /t/-reduced forms. This shows first that the recognition of apparently similarly reduced words may rely on different processing mechanisms and, second, that searching for dissociations over tasks is a promising research strategy to investigate how reduced forms are recognized.
Introduction
Phonological reductions are not only ubiquitous, they are also quite diverse. Dilley and Pitt (2007) showed that a word-final /t/ can be reduced in at least three different ways. It can surface as a /p/ (e.g., got bored /c>tbo A ad/-[c3pbo . Moreover, none of these alternatives is completely marginal, so that all forms will occur regularly in spontaneous speech.
From the point of view of spoken-word recognition, the question arises how words can still be recognized when they have segments missing or altered. The goal of this paper is to argue that there is something wrong with asking the question in this way. The question implies that generalization from one phonetic reduction process to another is straightforward. Such a generalization may seem reasonable if the production patterns are similar for two forms of phonetic reduction. This is the case for assimilation of word-final /n/ and the reduction and deletion of word-final /t/ in Dutch. Both can be triggered by a following /b/: A word-final /n/ may then become an [m] (cf. Booij, 1995) and a word-final /t/ is more likely to be reduced in this than in any other following context (cf. Mitterer & Ernestus, 2006) . Reduction of /t/ here means that the release burst (which is typically present in Dutch stops, cf. Cho & McQueen, 2008 ) is missing. An additional parallel of these two forms of phonetic reduction is that both can be explained by an overlap of the /b/'s labial closing gesture with the alveolar closing gestures for /n/ and /t/. In case of nasal place assimilation, this leads to a nasal murmur with a labial closure; and in the case of /t/ reduction, the alveolar release becomes inaudible because of the overlapping labial closure. While differences remain between /t/-reduction and nasal place assimilation -for instance, /t/-reduction is also strongly influenced by preceding context and nasal place assimilation is not -the two processes are similar in that they are both facilitated by the presence of a following /b/, and this facilitation can be explained by gestural overlap. The purpose of this paper is to show, however, that, in perception, the effect of following context is triggered by different processing mechanisms.
In perception, following context is nevertheless taken into account in both cases. Gaskell and Marslen-Wilson (1996) used cross-modal priming and found that an assimilated form (e.g., [lim] , from lean) primed recognition of the visual word lean if it was presented in a labial context that triggers assimilation but not if it was presented in an unviable context for assimilation. For /t/-reduction, Mitterer and McQueen (2009) found that listeners were more likely to interpret a form such as [kys] as an instance of the Dutch word kust /kyst/ (Engl., 'coast') and not the word kus /kys/ (Engl., 'kiss') if the form is presented in a labial context that makes the /t/-reduction likely.
It seems prima vista unlikely that the spoken-word recognition system would invent the wheel twice. Positing different processing mechanisms for these two effects triggered by the following context seems like a prime example of ''needlessly multiplying entities''. However, if data forced us to conclude that there are different mechanisms at work, these data would provide a need to multiply entities. The purpose of this paper is to present such data. Additional research on the perception of assimilated forms showed that the effect of following context is very robust. In addition to cross-modal priming and phoneme monitoring (Coenen, Zwitserlood, & Bölte, 2001; Gaskell & Marslen-Wilson, 1996 Gow, 2002 Gow, , 2003 , effects of following context have been observed in an eye-tracking task (Gow & McMurray, 2007) , in identification tasks, and passive electrophysiological recordings (Mitterer & Blomert, 2003) . The latter effects suggested that the compensation effect may be related to compensation for coarticulation. Although there is a lively debate about the causes of compensation for coarticulation (Fowler, 1996 (Fowler, , 2006 Fowler, Brown, & Mann, 2000; Fowler & Smith, 1986; Lotto & Kluender, 1998) , there is no disagreement that it arises as an automatic consequence of hearing speech sounds, and models that assume several stages in the perceptual process, such as the generalauditory framework (Diehl, Lotto, & Holt, 2004) , assume a locus at an early stage.
One aspect of compensation for coarticulation is that it does not depend on specific language experience (Lotto, Kluender, & Holt, 1997; Mann, 1986) . Mitterer and colleagues hence tested the role of experience in compensation for assimilation Mitterer, Csé pe, Honbolygo, & Blomert, 2006) . They used a Hungarian liquid assimilation rule (/l/ before an /r/ can surface as an [r] , /b>lrol/- [barrol] ) to test compensation by native Hungarian and non-native (Dutch) listeners. This form of assimilation does not occur in Dutch (not even in casual speech, cf. Ernestus, 2000) , so that this assimilation was unfamiliar for Dutch listeners. The results showed that, nevertheless, both Hungarian and Dutch listeners compensated for this assimilation with context effects in an identification task, a discrimination task, and in passive electrophysiological recordings. It has to be noted that the Dutch listeners did not show exactly the same data pattern as the Hungarian listeners. This indicates that there are some languagespecific, learning-dependent contributions to compensation for assimilation, in line with results from other labs (Darcy, Peperkamp, & Dupoux, 2007; Snoeren, Gaskell, & DiBetta, 2009 ). Darcy et al., for instance, showed that the degree to which listeners compensate for French voicing assimilation is correlated with their command of French. English monolinguals showed only a small effect, French native speakers showed a large effect, and English learners fell in between these two groups. Nevertheless, the overall data pattern of Dutch and Hungarian listeners over all tasks in the papers by Mitterer and co-workers Mitterer, Csé pe, Honbolygo, et al., 2006) showed more commonalities than differences. Importantly, both groups of listeners showed a context effect in a discrimination task: The difference between the canonical and the assimilated form was less salient in the context that allowed assimilation. This showed that learning-independent accounts assuming an early perceptual locus of the effect -as proposed for compensation for coarticulation -are tenable for compensation for assimilation as well.
The rationale in these series of experiments was the following: If compensation for assimilation is triggered by early and mandatory perceptual processes, it should be difficult to find a dissociation so that the context effect arises in one task but not in another. Despite trying many different tasks and measures -identification with and without feedback, discrimination, electrophysiological recordings, using native and non-native listeners, and using speech and nonspeech contexts -the context effect in compensation for assimilation turned out to be stable. Based on these results, argued that early perceptual processing triggers compensation for assimilation, similar to compensation for coarticulation. This dovetails well with proposals from linguistics that assimilation rules are shaped by the sensitivities (or better: lack of sensitivity) of the listener (Hura, Lindblom, & Diehl, 1992; Steriade, 2001) . Assimilations tend to occur in environments in which their consequences are difficult to hear, so that the assimilated form sounds similar to the canonical form. This clearly seems to be the case for nasal place assimilation; Ohala (1975 Ohala ( , 1990 argued that nasals are highly distinct from other consonants but very similar to each other. Hence, a change in place of articulation is difficult to notice in a nasal.
Turning to /t/-reduction, the question arises as to whether the effect of following context is also found in many different tasks for this reduction. It seems not, given that Mitterer and McQueen (2009) found a context effect using an eye-tracking measure, but Mitterer and Ernestus (2006) failed to find an effect in an identification task. That is, listeners were not more likely to ''reconstruct'' a phonetically reduced /t/ if the following context was a /b/ than if it was a /k/.
Together with the positive results in Mitterer and McQueen (2009) , there is hence a dissociation of the context effect over tasks. The context effect did not arise in the identification task, but did arise in the eye-tracking experiment. This vindicates the research strategy proposed above, in which much of the argument rests on not finding a dissociation over tasks. The fact that no such dissociation was found for compensation for assimilation is hence not due to such dissociations being impossible.
On a broader scale, this also suggests that compensation for /t/-reduction and compensation for assimilation are not triggered by the same processing mechanisms. Otherwise, we would have observed the same pattern of context effects over different tasks. Accordingly, this seems to support the point made at the beginning of this paper: the recognition of different reduced word forms depends on different processing mechanisms. Whatever processing mechanism triggers compensation for assimilation at an early perceptual level of processing seems not to be involved in compensation for /t/-reduction.
There remain, however, two reservations. First, the chain of arguments presented here is to some extent internally inconsistent. Even though it was claimed that one should not generalize from one type of phonetic reduction process to another, I did just that by generalizing from a Hungarian liquid assimilation rule to nasal place assimilation. The results reported above only showed that the consequences of Hungarian place assimilation are inconsequential for word recognition. Based on the argumentation developed here, this does not mean that this is also true for nasal place assimilation in Dutch. Different assimilations may after all have rather different acoustic consequences, leading to different forms of processing (see Gow & Im, 2004) . So it remains unclear whether the compensation for nasal place assimilation relies on early perceptual processes as well.
A second reservation is that the chain of arguments depends crucially on the one null effect in the identification experiment presented by Mitterer and Ernestus (2006) . In this experiment, the following context did not influence listeners' decisions on whether or not a word contained a word-final /t/. There were significant effects of preceding context and phonetic detail in this experiment, which makes the null effect of following context more meaningful. Nevertheless, the empirical basis remains weak for the case that the effect of following context on compensation for /t/-reduction does not arise in early perceptual processes.
Both shortcomings are addressed here in a single experiment. The experiment is set up to show that the perceptual salience of nasal place assimilation depends on the following context, while the perceptual salience of /t/-reduction does not. As in the research on assimilation and /t/-reduction described above, this was tested with the four-interval (4I) oddity task. In this task, participants hear four stimuli, of which either the second or the third is different from the other three. After hearing the series of four stimuli, the participant has to indicate whether the second or the third one is the ''odd one out''. The choice for this task was based on work by Gerrits and colleagues (Gerrits & Schouten, 2004; Schouten, Gerrits, & van Hessen, 2003) . They tested a range of discrimination tasks and found that ''categorical perception effects'' in discrimination performance (i.e., a performance peak at the category boundary) were entirely dependent on the task used. In the 4I-oddity task, there was no influence of phonological categorization on discrimination performance. That is, between-category differences were not easier to discriminate than within-category differences. This indicates that the 4I-oddity task reveals how well two stimuli are discriminable on an auditory level, without an influence of phonological categorization.
With this task, the predictions are the following: The salience of the difference between a canonically produced /n/-final word (tuin /toeyn/, Engl. 'garden') and an assimilated version ([toeym] ) is reduced in a viable context that allows the assimilation in comparison to an unviable context that does not allow the assimilation. In contrast, the salience of the difference between a word with a word-final /t/ produced canonically (kust /kyst/, Engl. 'coast') and a /t/-reduced variant ([kys]) with no burst is the same in a viable context that facilitates phonetic reduction (i.e., /b/) and an unviable context that does not facilitate phonetic reduction (i.e., /n/).
Method

Participants
Twenty members of the subject pool of the Max Planck Institute for Psycholinguistics participated in the experiment. All participants were native speakers of Dutch, had no history of hearing problems, and were paid for their participation.
Stimuli
The stimuli were adapted versions of the stimuli used by Mitterer and Blomert (2003) and Mitterer and McQueen (2009) . In both experiments, there were context effects for compensation for assimilation and /t/-reduction, respectively. This means that an absence of context effects in the current experiment cannot be attributed to the stimuli being inadequate to produce context effects.
The stimuli for the assimilation condition were constructed on the basis of the stimuli used by Mitterer and Blomert (2003) . The original stimuli consisted of two-syllable words and were truncated after the second vowel for the current experiment. The participants therefore had to discriminate [toeynb>] from [toeymb>] and [toeynstu] from [toeymstu] . Because the f0 was lower in the [m] than in the [n] in the original stimuli -and this could be used in a discrimination task -the stimuli were resynthesized (using PSOLA) with an identical, linearly falling f0 contour, using the minimum (60 Hz) and maximum (90 Hz) in the original recordings.
The stimuli for the /t/-reduction condition were taken from the study of Mitterer and McQueen (2009) . They used 32 minimal pairs in two experiments. From these, the pair kust/kus /kys(t)/ (Engl., 'kiss' and 'coast') was selected because it gave rise to an aboveaverage context effect in both experiments in that study. To affirm the context effect for this item, the effect was tested for statistical significance using the data set of Mitterer and McQueen (2009) . Although that experiment was not set up to show effects of single items, a linear-mixed effect model based on only the data with this one item -less than 4% of the complete data set -with context (boven versus naast) as fixed effect and participant as a random factor showed a significant effect of context (t(93)¼2.28, p o0.05).
To have a context of a similar duration as in the assimilation condition, we also used only the CV part of the following words boven /bovY/ and naast /n]st/ (Engl., 'above' and 'next to'). Consequently, the pairs to be discriminated were [kstbo] versus [kysbo] and [kystn] ] versus [kysn] ]. Note that the stimuli without a /t/ still contained a voiceless closure; the transcription without a /t/ is a convenient approximation for presentational purposes.
Procedure and design
The design entails two factors with two levels each. The first factor is Reduction Process (levels: assimilation vs. /t/-reduction) and the second factor is Context (levels: viable vs. unviable for the reduction to occur). The viable context is the /b/-initial syllable for both the assimilation and the /t/-reduction condition, and the unviable context is [n] ] for the /t/-reduction condition and [stu] for the assimilation condition.
The two conditions ''assimilation'' and ''/t/-reduction'' were blocked. Within each block, the context condition was mixed. Each block consisted of 96 trials, with 48 presentations of each context. On a given trial the participants heard four stimuli, three of which were the canonical version and one that was the reduced version. The reduced version was either the second or the third stimulus of the four, and the participants had to indicate whether the second of the third stimulus was different from the rest. The odd stimulus was 24 times in the second and 24 times in third position in each context condition.
Before each block, participants were briefly familiarized with the two stimuli out of context to focus listeners' attention on the relevant part of the stimulus in which a change could occur. Pretesting had shown that participants were otherwise easily frustrated because they did not know in which part of the stimulus a change could occur. The order of blocks was counterbalanced across participants.
Results
The mean percentages of correct response (p(c)) per condition is displayed in the left panel of Fig. 1 . Because the individual p(c) were transformed logistically for the statistical analysis, the mean of these transformed p(c) are displayed in the right panel of Fig. 1 . Participants performed at chance level in the viable assimilation condition (51% correct), better than chance in the unviable assimilation condition (64% correct), and well above chance level in the viable and unviable /t/-reduction conditions (83% and 80% correct, respectively). The logistically transformed p(c) were used in a two-factorial repeated measurement ANOVA, which revealed a significant effect of Reduction Process (F(1, 19) ¼ 42.36, po0.001), a marginal effect of Context (F(1, 19)¼ 4.12, p ¼0.057), and, most importantly, an interaction of these two factors (F(1, 19) ¼13.05, po0.005). Because of the significant interaction, the effect of Context was tested for both reduction processes separately. This revealed an effect of context for the assimilation condition (t(19)¼ 4.70, p o0.001), but not for the /t/-reduction condition (t(19)¼ À1.14, p40.1). Note that this non-significant context effect for the /t/-reduction condition has a different sign than the context effect for the assimilation condition: in the /t/-reduction condition, performance was slightly better in the viable condition than in the unviable condition.
Discussion
The context effect for the perception of assimilated forms in a discrimination task was replicated here. But no context effect was found when listeners discriminated canonical and reduced variants of words with word-final /t/. These results show a dissociation of the context effect within one experiment, with a context effect in the assimilation condition but not in the /t/-reduction condition. Additionally, the results show a dissociation for the case of /t/-reduction over different experiments. The item, which gave rise to a significant context effect in the data of Mitterer and McQueen (2009) , failed to give rise to a context effect in the current experiment. This seems to indicate that compensation for assimilation is already triggered at an early perceptual level while compensation for /t/-reduction is not.
Before we can accept this conclusion, there are possible alternative explanations to consider. As pointed out by an anonymous reviewer, the stimuli in the assimilation condition and in the /t/-reduction condition differed in their lexical status. Both stimuli in the stimuli in the /t/-reduction condition are existing words in Dutch, but, in the assimilation condition, only the canonical stimulus (tuin), but not the reduced stimulus (tuim), is a word in Dutch. This difference in lexical status is, however, an unlikely cause of the observed results. manipulated lexical status in the same discrimination task used here and observed no effect of lexical status whatsoever.
A second possible alternative explanation, also suggested by an anonymous reviewer, stems from the fact that the stimuli in the /t/-reduction condition were overall easier to discriminate than the stimuli in the assimilation condition. It should be noted that this is not by itself an explanation of the different effects of context; performance in the assimilation condition could have been poor overall and not be influenced by context at all. However, this difference is still technically a confound; it may just be easier to find context effects near chance level performance. However, the results of Mitterer, Csé pe, and Blomert (2006), Mitterer, Csé pe, Honbolygo, et al. (2006) make this unlikely as well. In these experiments, the context effect in compensation for assimilation was smaller when discrimination performance was near chance level in the unviable baseline condition. If anything, it is hence more difficult to find context effects near chance performance in this task, so that the overall difference in discriminability between the assimilation condition and the /t/-reduction condition, if anything, worked against the obtained finding.
Even though the baseline difference in discriminability does not explain the difference between the two items on task-related grounds, it may provide a hint as to why there may be differential involvement of early perceptual processes in compensation for different reductions. Apparently, if the perceptual difference between a full and a reduced form becomes more audible, the less likely it is that compensation can already be triggered at an early level of processing. This distinction is to some extent mirrored in functional theories of phonology, which view phonology as a compromise between a speaker who wants to ''get away'' with as little articulatory effort as possible, while the listener wants a signal that is as clear as possible. In this interplay, some reductions may arise because the listener is not bothered by the consequences, and nasal place assimilation may be such a listener-driven reduction. In other cases, the articulatory effort for the canonical form would be so high, that the speaker reduces regardless of the perceptual consequences. The realization of a /tb/ sequence might be such a case, as it would necessitate achieving two closures and their releases sequentially in a short time window. Note that such patterns can arise in a memetic evolution of language (Blevins, 2004) without the conscious deliberation of either speaker or listener.
A final caveat is the possibility that the dissociation is not so much between /t/-reduction and place assimilation, but rather between the tokens used in this study. Obtaining a reliable measure of perceptual difference requires about 20 repetitions per stimulus, so that it is not feasible to test a large range of stimuli without creating a prohibitively long experimental session. Being restricted to two pairs of stimuli, it remains possible that the dissociation is not so much related to the processes of /t/-reduction and place assimilation, but rather to the specific instances used in this study. Gaskell and Snoeren (2008) found that assimilations vary in strength, and Mitterer and Ernestus (2006) reported similar gradations for /t/-reductions. The stimuli used in this study are cases of a weak form of assimilation and a quite strong form of /t/-reduction. This is also reflected in the baseline differences in discriminability in the current data. It hence remains possible that the differences were to due to ''reduction strength'' rather than the specific reduction process. A modeling study by Gaskell (2003) showed that assimilation strength may influence how compensation is achieved. A similar result as obtained for /t/-reduction might have been obtained with a more strongly assimilated token of a nasal. It worth noting, however, that this caveat nevertheless underscores the main point of this paper: similar reductions may be processed differently, so that even two tokens of place assimilation might be compensated for differently depending on their assimilation strength. (Masson & Loftus, 2003) .
In line with this assumption, it has been shown that compensation for assimilation is not solely due to early perceptual processes, but is enhanced by higher-level factors such as familiarity with the assimilation (Darcy et al., 2007; and the lexical status of the assimilated words (Gaskell & MarslenWilson, 1998; Snoeren et al., 2009 ). This enhancement may be achieved by the same phonological processing mechanisms which mediate the effect of following context in the perception of /t/-reduction.
Nevertheless, the current data show that similar reductions are not necessarily compensated for in a similar fashion. Even though the current data do not allow us to pinpoint the source of the dissociation -reduction process or reduction strength -they show that early perceptual processes help to compensate for some reductions but not for others. This contrasts with several models which assume some generality in the perception of phonological variants. Proponents of exemplar models of spoken-word recognition (Bybee, 2001; Hawkins, 2003; Johnson, 1997; Pierrehumbert, 2002) argue that all variations are stored in the lexicon. When the listener then encounters a reduced word in the input, this word form will match an exemplar of another reduced variant encountered previously. Word recognition then proceeds via the activation of a variant form in the lexicon. There is evidence for this claim with regard to flapping of alveolar stops (Connine, 2004; Pitt, 2009) and schwa-reduction after strong syllables (Connine, Ranbom, & Patterson, 2008) in American English. This account, in principle, allows the recognition of any reduced form. A second class of theories that can potentially explain a wide variety of context effects in speech perception are gestural theories such as the directperception account (Fowler, 1996; Fowler & Smith, 1986; Goldstein & Fowler, 2003) and Motor Theory (for a recent review, see Galantucci, Fowler, & Turvey, 2006) . These theories argue that listeners deconvolve the overlapping speech gestures into their sound-producing gestures, which could explain a wide range of compensation for coarticulation findings as well as compensation for assimilation and /t/-reduction, which can also be viewed as caused by gestural overlap. Finally, the statistical learning account proposed by Gaskell (2003) also lends itself to explain a wide variety of context-sensitivities in the perception of speech.
However, the current data indicate that no single mechanism can explain both compensation for assimilation and /t/-reduction sufficiently. A given model may be able to account for any given pattern of effects, that is, why the context influences performance on task A but not on task B. These task effects would have to be consistent, though, and not vary with the reduction process under study. To give an example: from the point of the Motor Theory of speech perception, one may argue that context effects arise only in the speech mode of perception, but not in the non-speech mode. This may explain the dissociation observed for the effect of following context on the perception of /t/-reduction. In the eyetracking, word-recognition task, participants operate in speech mode; but, in a discrimination task, they operate in a non-speech mode. While this explains the effects observed for /t/-reduction, it becomes difficult to argue that the same mechanism accounts for the effects observed for assimilations: in this case, discrimination should also be unaffected by context while eye-tracking results should show context effects.
The point of this example is not to discredit Motor Theory as a whole. In fact, the point is not to downplay the importance of any of mechanisms just sketched for the perception of reduced forms. The current data only question the generality of any mechanism. Because reductions come in different forms and strengths, perception has to use different strategies to recognize different reductions. Still, each of these mechanisms may play an important role in compensation for some -but clearly not all -types of phonological reduction. The point to be made here is a more general one: no single mechanism can account for the recognition of the large variety of reduced forms. More specifically, even if two reduction processes are due to gestural overlap with a following /b/ -like nasal place assimilation and /t/-reduction -one cannot safely assume that processing mechanisms that mediate a context effect in perception for one type of reduction will also account for the context effect in the perception of the other form of reduction.
A second theoretical consequence of the current result is that looking for dissociations is a valuable tool to understand the processing mechanisms that underlie the perception of reduced forms. The argument for an early locus of compensation for assimilation was based on the absence of a dissociation over tasks. Such a dissociation has now firmly been established for the case of compensation for /t/-reduction. This shows that our initial quest for a dissociation in the case of compensation for assimilation was not a wild-goose chase. Moreover, there now exists a wide range of methods to investigate the mechanisms that allow the recognition of phonological variants. In addition to the methods investigating perceptual mechanisms presented here, Connine and co-workers (Connine, 2004; Connine et al., 2008) , as well as Pitt (2009) , present some rather creative methods to investigate the role of lexical storage in the recognition of reduced forms. The task of future research is therefore to test a wide variety of reduction processes with this wide variety of methods. This alone will allow us to understand how auditory and phonological processing as well as lexical storage contribute to the recognition of reduced forms.
